INTRODUCTION {#sec1-1}
============

Cognitive impairment occurs in diabetes mellitus due to abnormalities in carbohydrate and lipid metabolism.\[[@ref1][@ref2][@ref3][@ref4][@ref5]\] Recently, the focus has shifted to the use of plant extracts for the treatment of diabetes mellitus and its complications. The WHO has estimated that approximately 80% of the worldwide population relies on traditional medicine for their primary healthcare needs, and most of this therapy involves the use of plant extracts.\[[@ref6]\]

*Calendula officinalis* (CO) Linn *(Asteraceae)*, known as "*gole- hamishe- bahar*" in Persian, is used in traditional Iranian medicine. It has various biological activities such as: Analgesic, antiseptic, bactericide. It also finds use in skin problems and as an antifungal agent.\[[@ref7][@ref8][@ref9][@ref10][@ref11][@ref12][@ref13]\] It is known as Pot Marigold and is an important medicinal plant used in Ayurveda and Italian folk medicine for treating various conditions such as fever, cancer, and inflammation.\[[@ref14][@ref15]\] It has Ayurvedic actions such as *granthi* (reduction of tumors), *gulmaghna* (reduction of swollen glands and lumps), *jvaraghna* (antipyretic), *stanya* (wound healing).\[[@ref16]\] CO has been widely used in homeopathic medicine for the treatment of many diseases.[@ref7] It has been reported to possess effects such as antioxidant,\[[@ref8]\] anti-inflammatory,\[[@ref7][@ref17]\] antidiabetic,\[[@ref18]\] anti-pyretic, cytotoxic as well as tumor reducing the potential.\[[@ref19]\] Homeopathic calendula ointments are used in the healing stages of second and third degree burns to stimulate regrowth of skin and to diminish scar formation.\[[@ref15]\] It is also used in gastrointestinal, gynecological and eye diseases. The plant is rich in many pharmaceutical active ingredients such as auroxanthin, carotenoids, flavonoids, flavoxanthin, glycosides, triterpenoid esters, sterols, and steroids.\[[@ref7][@ref8][@ref9][@ref10][@ref11][@ref12][@ref13]\] Although there are reports on the antidiabetic effect of CO,\[[@ref20][@ref21]\] to our best of knowledge, there is no report on its effect in cognitive impairment in diabetes. Thus, we seek to investigate the effect of CO hydroalcoholic extract on passive avoidance learning and memory (PAL).

SUBJECTS AND METHODS {#sec1-2}
====================

Plant extraction {#sec2-1}
----------------

*Calendula officinalis* aerial parts were collected in spring and identified at the Botanic Institute of the Hamadan University of Medical Sciences. A voucher specimen was deposited in the Department of Pharmacognosy and Biotechnology, School of *P* harmacy, Hamadan University of Medical Sciences. The dried aerial parts of the plant were ground to a fine powder. 200 g of the fine powder was macerated in ethanol 80% for 3 days. This process was repeated thrice. The resulting extract was filtered, and the filtrate was concentrated to dryness in a rotary evaporator under reduced pressure at a constant temperature of 40°C. The resulting extract was stored in a refrigerator.

Animals {#sec2-2}
-------

Thirty-two male Wistar rats (250--280 g) were purchased from animal house, Hamadan University of Medical Sciences. All animals were maintained at a constant temperature (22 ± 0.5°C) with 12 h alternating light and dark cycles. They had free access to laboratory chow and tap water. Each experimental group consisted of 8 animals that were chosen randomly from different cages, and each rat was used only once. All research and animal care procedures were approved by the Veterinary Ethics Committee of the Hamadan University of Medical Sciences and were performed in accordance with the National Institutes of Health Guide for Care and use of Laboratory Animals (Publication number 85-23, revised 1985).

Experimental design {#sec2-3}
-------------------

The animals were divided into two diabetic and two control groups (*n* = 8 each). Diabetes was induced by a single intraperitoneal (i.p.) injection of streptozotocin (Sigma-Aldrich, Germany) (60 mg/kg). Three days later, fasting blood glucose levels were determined. Blood samples were collected from the tail vein, and plasma glucose was measured using a glucometer. Animals were considered diabetic if plasma glucose levels exceeded 250 mg/dl. As soon as diabetes was confirmed, both diabetic and normal groups received saline or 300 mg/kg of the extract by oral gavage for 60 days. At the end of the experiment, all rats were weighed, and blood was collected for plasma glucose measurement.

Passive avoidance learning {#sec2-4}
--------------------------

The passive avoidance apparatus (shuttle box) consisted of illuminated and dark enclosures. The rat was placed in the illuminated enclosure facing away from the guillotine door, and 5 s later the door was raised. After the rat had entered the dark part, the door was closed, and a 50 Hz square wave, 1.2 mA constant current shock was applied for 1.5 s.\[[@ref22][@ref23][@ref24][@ref25][@ref26][@ref27]\] The rat was retained in the apparatus and received a foot shock each time it reentered the dark part. Training was terminated when the rat remained in the illuminated enclosure for 120 consecutive s. On the retention test that given 24 and 48 h after the acquisition trial, the rat was again placed into the illuminated part and step-through latency (STLr) latency and time spent in the dark compartment (TDC) were recorded as a measure of retention performance. The ceiling score was 600 s and behavioral tests were performed at 8:00--11:00 h.

Measurement of plasma glucose levels {#sec2-5}
------------------------------------

At the end of the experiment, after weighing, all rats were decapitated under ketamine HCl anesthesia (50 mg/kg, i.p.), and blood samples were drawn. Plasma glucose levels were measured using a glucometer.

Statistical analysis {#sec2-6}
--------------------

The data were analyzed using SPSS 20 (IBM^®^ SPSS^®^ Statistics), and were expressed as mean ± standard error of the mean and compared by one-way ANOVA, *post-hoc* test least significant difference. *P* \< 0.05 were considered to be significant.

RESULTS {#sec1-3}
=======

Effects of diabetes on the passive avoidance learning and memory {#sec2-7}
----------------------------------------------------------------

Results of the one-way ANOVA indicated that there was no significant difference in the STLa and in the number of trials of the diabetic and control groups during the first acquisition trial \[before the administration of the electrical shock; *P* \> 0.05, Figure [1a](#F1){ref-type="fig"} and [b](#F1){ref-type="fig"}\]. During the retention test, after 24 and 48 h the diabetic group had a decreased STLr, and increased TDC, compared to the control group respectively \[both *P* \< 0.01; Figure [1c](#F1){ref-type="fig"}--[f](#F1){ref-type="fig"}\].

![Effects of long-term administration of *Calendula officinalis* extract on the passive avoidance learning test. The effect of long-term oral administration of extract on the step-through latency (STLa) in the first acquisition trial (a), the number of trials to acquisition (b), STLr in the retention test after 24 (c) and 48 h (e), the time spent in the dark compartment during the retention test after 24 (d) and 48 h (f) between different control, diabetic, control + calendula and diabetic + calendula groups (*n* = 8). \**P* \< 0.05, \*\**P* \< 0.01 and \*\*\**P* \< 0.001 significant differences compared to control group. ^\#^*P* \< 0.05, ^\#\#^*P* \< 0.01 and ^\#\#\#^*P* \< 0.001 significant differences compared to diabetic group. ^\$^*P* \< 0.05, ^\$\$^*P* \< 0.01 and ^\$\$\$^*P* \< 0.001 significant differences compared to diabetic + calendula group](ASL-34-156-g001){#F1}

Effects of *Calendula officinalis* administration on passive avoidance learning and memory in nondiabetic rats {#sec2-8}
--------------------------------------------------------------------------------------------------------------

There was no significant difference in the STLa and in the number of trials of the control rats treated with extract and untreated control rats during the first acquisition trial \[before the administration of the electrical shock; *P* \< 0.05, Figure [1a](#F1){ref-type="fig"} and [b](#F1){ref-type="fig"}\]. During the retention test, after 24 and 48 h the control rats treated with extract had an increased STLr and decreased TDC compared to the untreated control rats respectively \[both *P* \< 0.001; Figure [1c](#F1){ref-type="fig"}--[f](#F1){ref-type="fig"}\].

Effects of *Calendula officinalis* administration to diabetic rats on passive avoidance learning and memory {#sec2-9}
-----------------------------------------------------------------------------------------------------------

There was no significant difference in the STLa and in the number of trials of the extract-treated diabetic rats and untreated diabetic rats during the first acquisition trial \[before the administration of the electrical shock; *P* \> 0.05, Figure [1a](#F1){ref-type="fig"} and [b](#F1){ref-type="fig"}\]. During the retention test, after 24 and 48 h the extract-treated diabetic rats had an increased STLr and decreased TDC compared to the untreated diabetic rats respectively \[both *P* \< 0.001; Figure [1c](#F1){ref-type="fig"}--[f](#F1){ref-type="fig"}\].

Effects of *Calendula officinalis* administration on body weight and plasma glucose {#sec2-10}
-----------------------------------------------------------------------------------

There was a significant increase in blood glucose and decrease in body weight in diabetic rats as compared to the normal ones. Oral administration of an extract of CO significantly lowered the blood glucose and elevated body weight when compared with the untreated diabetic group.

The body weight and blood glucose levels of different animal groups at the beginning and at the end of the experiment are shown in [Table 1](#T1){ref-type="table"}. There was no significant difference in body weight and plasma glucose between any of the groups before the onset of diabetes. Body weight and plasma glucose levels were measured at the end of behavioral assays (60 days after the onset of hyperglycemia). At the end of assays, the body weight of the untreated (165.13 ± 1.63) and extract-treated diabetic rats (191.88 ± 1.39) were lower than control rats (226.63 ± 1.17). Furthermore, there was no significant difference in the body weight of extract-treated (224.25 ± 1.19) and untreated control (226.63 ± 1.17) animals. Considering plasma glucose levels, untreated diabetic animals had significantly (*P* \< 0.001) elevated plasma glucose levels (474.63 ± 3.7) compared with control animals (167.25 ± 2.25). Oral administration of CO extract to diabetic rats decreased the plasma glucose levels of the treated groups (461.38 ± 3.14) compared with the untreated diabetic group (474.13 ± 3.7; *P* \< 0.001).

###### 

Body weight and plasma glucose levels of different animal groups at the beginning and end of the study^a^

![](ASL-34-156-g002)

DISCUSSION {#sec1-4}
==========

This study reveals that oral administration of a hydro-alcoholic extract of CO improved PAL and memory of control rats and alleviated the negative influence of diabetes on learning and memory. Although there were no significant effects in the STLa and in the number of trials in the diabetic groups during the first acquisition trial, but in retention test (after 24 and 48 h) a significant decrease in STLr and increase in TDC, has shown promising results.

Literature survey revealed that CO had a profound effect on the antioxidant defense system, but there was no report on the effect of CO in PAL and memory in diabetic rats. Diabetes is associated with an increased production of reactive oxygen species (ROS), enhanced oxidative stress and changes in the antioxidant capacity.\[[@ref28]\] Oxidative stress is involved in the pathogenesis of many central nervous system disorders (e.g., neurodegenerative diseases) or in the physiological process of aging.\[[@ref29]\] According to the literature, the brain is very vulnerable to oxidative stress due to its high polyunsaturated fatty acids content, which are particularly susceptible to ROS damage.\[[@ref30][@ref31]\] Increased thiobarbituric acid reactive substances (lipid peroxidation productions) of frontal cortex and hippocampus may lead to apoptosis of nerve cells, which eventually affects the function of learning and memory, because lipid peroxidation induces changes in the structure and function of biological membranes resulting in a change of the structural arrangement of membrane lipids.\[[@ref32]\]

Impairment of learning and memory of diabetic groups may be related to the increased oxidative stress in diabetic animal\'s brain, but CO as an antioxidant may reduce the oxidative stress, and lead to the better behavioral activity of the animals in extract-treated diabetic groups. Clinical and experimental studies suggest that hyperglycemia and/or insulin--deficiency itself may be responsible for impaired cognitive function in type 1 diabetes.\[[@ref33]\] *In vivo* and *in vitro* evaluation of CO flower extract revealed that it has a profound effect on the antioxidant defense system.\[[@ref8]\] It has been claimed that the antioxidant activity of plants might be due to their phenolic compounds.\[[@ref34]\] Flavonoids are a group of polyphenolic compounds with known properties which include free radical scavenging, inhibition of hydrolytic and oxidative enzymes and anti-inflammatory action.\[[@ref35]\] Accordingly, it has been reported that CO has several ingredients with reported antioxidant and anticlastogenic activities. CO, with profound antioxidant potential and having the ability to trigger cellular antioxidants, can be exploited for its use against a number of disorders including cardiovascular diseases, inflammation, and cancer.\[[@ref8]\] CO has been reported to contain flavonoids (including lutein, quercetin, protocatechuic acid, etc.), triterpenoids (including faradiol, oleanolic acid, beta-amyrin, calenduladiol, etc.), and the alkaloid narcissin.\[[@ref36]\] Flavonoids and carotenoids present in CO are potent antioxidants at very low concentrations. The chemopreventive properties of flavonoids are generally believed to reflect their ability to scavenge endogenous ROS. By inhibiting or stimulating various signaling pathways, flavonoids at low concentration could affect cellular function.\[[@ref37][@ref38]\] Flowers also are rich in carotenoids of which flavoxanthin has been reported to be present at 28.5% of total carotenoids, followed by luteoxanthin.\[[@ref39]\] Flowers are also found to contain lycopene and beta-carotene. Coumarins are also active constituents in CO.\[[@ref40]\] These constituents may contribute to the antioxidant potential of this extract. The administration of acetylcholinesterase (AChE) inhibitors effectively decreased hyperglycemia and incidence of diabetes, and restored plasma insulin levels and plasma creatinine clearance. Induction and accumulation of AChE in pancreatic islets and the protective effects of AChE inhibitors on the onset and development of type 1 diabetes indicate a close relationship between AChE and type 1 diabetes.\[[@ref40]\] AChE inhibitors enhance cholinergic function in the brain when loss or decline in memory and cognitive impairment has occurred.\[[@ref41][@ref42]\] Polyphenols have shown AChE inhibitory effect\[[@ref43]\] and considering that CO contains flavonoids,\[[@ref36]\] another possible mechanism of CO effect on PAL can be involved in AChE inhibitory potential of the plant.

CONCLUSION {#sec1-5}
==========

This study indicates that CO can improve cognitive impairment in diabetic rats. Cellular and animal studies, as well as clinical trials, support its role as useful preparation in alternative medicine. Because of the easy access to the CO in various countries, this plant can be used to treat diseases associated with diabetes such as memory and learning impairment.
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